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CHAPTER I 
 
 
 
 
INTRODUCTION 
 
 
 
 
Membrane gas separation process is one of the tremendous membrane 
technology that being concerned in many scientific studies.  Gas separation has also 
reached the stage of commercialization.  Recently, a considerable progress has been 
made in commercial use of membranes for gas separation, covering many existing 
and emerging applications.  According to statistical data, there are more than 10,000 
commercial membrane systems in current operation for various gas separation 
applications and the estimated current total worldwide installed capacity of gas 
separation system using membrane is about 3500 million standard cubic feet per day 
(MMSCFD) (Puri, 1996).   
 
 
Gas separation membrane systems have received a lot of attention from both 
industry and academia.  J.K. Mitchell in 1831 encountered the first scientific 
observation related to gas separation.  However, the most remarkable and influential 
contribution to membrane gas separation technology was the systematic study by 
Thomas Graham in 1860.  However only in 1979, membrane based gas separation 
technology was available and recognized as one of the most recent and advanced unit 
operation for gas separation processes.  Gas membranes are now widely used in 
variety of application, as shown in Table 1.1.  This technology offers low capital 
cost, low energy consumption, ease of operation, cost effectiveness even at low gas 
volumes and good weight and space efficiency.  Membrane processes for gas 
separation applications were commercially introduced in the early 1970’s 
(Lokhandwala et al., 1995). 
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Table 1.1: Gas separation membrane application (Lokhandwala et al., 1995) 
Common Gas Separation Applications 
O2/N2 Oxygen enrichment, inert gas generation 
H2/Hydrocarbons Refinery hydrogen recovery 
H2/N2 Ammonia Purge gas 
H2/CO Syngas ratio adjustment 
CO2/ Hydrocarbons Acid gas treatment, landfill gas upgrading 
H2O/ Hydrocarbons Natural gas dehydration 
H2S/ Hydrocarbons Sour gas treating 
He/ Hydrocarbons Helium separation 
He/N2 Helium recovery 
Hydrocarbons/Air Hydrocarbons recovery, pollution control 
H2O/Air Air dehumidification 
 
 
Membrane separation systems using polymeric membrane have been quite 
popular within the gas separation market.  Many research have been done in the last 
40 years to improve membranes performance including to find new membrane 
materials and new method to produce membrane, but only recently, enhancement of 
selectivity, beyond the intrinsic selectivity of polymer membrane polymer have 
become the main factors of the study.  There are many polymeric materials that have 
good selectivity for specific gas separation problems.  For examples, polysulfone and 
cellulose acetate were the earliest commercial membranes, used for O2/N2 and 
CO2/CH4 gas separation.  The real challenge for industrial application was to 
fabricate membrane that has both higher permeability rates and selectivities and also 
high durability in the gas stream environment from these polymers.  The relation 
between polymeric materials, methods of membrane formation with acceptable 
separation properties have always been the objectives of present and future research 
project. 
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1.1 Problem Statement 
 
 
Cellulose acetate (CA) is widely used in the manufacturing of textiles and 
other fibers.  The specialty of this polymer was proven in early 1960’s, when Loeb 
and Sourirajan had produced asymmetrically skinned cellulose acetate for reverse 
osmosis which was dried and applied to gas separation processes in 1970 (Koros and 
Fleming, 1993).  Cellulose acetate membrane that was produced by Matsuura 
research group was capable on separating gaseous hydrogen from a gaseous mixture 
of hydrogen and hydrocarbon (Matsuura et al., 1988).  A wet phase inversion process 
was employed to fabricate a defect-free integrally skinned asymmetric cellulose 
acetate membrane from the membrane- forming system of CA/acetone/methanol 
(Hao and Wang, 1998).  Chung and Shieh also investigated the effect of liquid- 
liquid demixing process on the properties of hollow fiber membrane prepared from 
the CA/NMP-THF-H2O system (Chung and Shieh, 1998).  Among the latest 
investigation, Hao and Wang proposed new parameters that are transmission rate and 
minimum light transmission to reflect the characteristics of the membrane-forming 
process of the cellulose acetate membranes by phase inversion.  The relationship 
between these parameters and the porous structure of the membrane was explained 
by the geometrical optics principles (Hao and Wang, 2002). 
 
 
Cellulose acetate membrane has been expanded in the last 30 years by using 
ternary systems (polymer, solvent and nonsolvent).  By manipulating other factors 
such as membrane materials, dope preparation, fabrication technologies, evaporation 
time, quench conditions and rheological conditions, binary system (polymer and 
solvent) can be a promising dope system producing both high permeability and 
selectivity membrane.  Defect-free integrally skinned asymmetric membrane can also 
be produced and the total cost can be reduced by using inexpensive nonsolvent.  
Because of this, the relation between glassy polymeric material with the solvent and 
gas separation properties has been a prime subject for this investigation. 
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Therefore this study will focus on the development and optimization of 
formation process of asymmetric membrane from binary system of cellulose acetate 
and appropriate solvent for gas separation and the correlation of membrane structures 
with their separation properties. 
 
 
 
 
1.2 Objectives of Study 
 
 
The objectives of this study are to develop a binary system of cellulose 
acetate asymmetric membrane and to investigate the effects of fabrication conditions 
on membrane structures and separation properties.  In addition, this research also, 
studies the effect of rheologically induced molecular orientation during membrane 
fabrication in order to enhance membrane separation performance. 
 
 
 
 
1.3 Scope of Study 
 
 
Based on the objectives drawn above, the scopes of this study are as follows: 
 
i. Development of an optimized casting solution and casting condition for 
asymmetric binary system of cellulose acetate membrane. 
ii. Development of a flat sheet asymmetric membrane from optimized casting 
solution using pneumatically-control casting machine. 
iii. Performance measurement of asymmetric cellulose acetate membrane using gas 
permeation system. 
iv. Structural characterization of asymmetric cellulose acetate membrane using 
scanning electron microscopy (SEM). 
v. Quantitative measurement of the molecular orientation in asymmetric cellulose 
acetate membranes by using plane-polarized reflectance infrared spectroscopy. 
